Today energy service industry struggle to balance the competing needs of increasing energy usage and supply constraints. Electric utility industry planned their supply to meet the needs of customers with little regard to how or when customers use energy. The demand for energy has sharply increased due to population growth in urban centres. Current generation cannot meet this demand, as is the case in many developing countries, because generating infrastructure is obsolete. The dwindling fossil fuel reserves and unfavourable use of alternative energy sources due to high initial costs in Zimbabwe requires that DSM be utilised as a strategy to alleviate power shortages at household level and reduce investment in energy infrastructure, networks and/or power plants. This led to carrying out an energy demand survey on randomly selected households and collecting data concerning all end use electrical equipment. The data collected included the type of equipment, energy consumption and the duration of operation per day. A usage matrix was tabulated to show the times an appliance was in use. The data obtained indicating the energy consumption patterns for the areas under study were presented graphically. Results from graphs were analysed to identify end use applications that could be potentially targeted to reduce peak demand. This led to the adoption of strategies to mitigate high consumption at peak demand. Some of the strategies which were used included natural day lighting, use of compact fluorescent lights, efficient security lights, efficient fans and solar hot water systems instead of electric geysers. After application of the strategies, a usage matrix was tabulated and graphs drawn to check on load reduction. Findings indicated a 31% reduction in load.
Introduction
According to Bonneville E. [1] :Demand Side Management (DSM) is the implementation of policies and measures which serve to control, influence and generally reduce electricity demand. DSM aims to improve final electricity-using systems, reduce consumption, while preserving the same level of service and comfort. Bonneville [1] adds DSM is recognized as a major solution in the fight against climate change since energy consumption and peak demand are reduced, installed capacity and distribution network extension can be avoided (or postponed), and less primary energy is required thus reducing greenhouse gas emissions. Katherine J. [2] further argues that many countries and states have several years of experience with DSM in the power sector. Some of these jurisdictions have restructured their power sector and some are in the process of doing so. The fate of DSM programs in the face of power sector reform has varied widely across the globe. DSM can be used to avoid construction of new electricity power plants and grid strengthening. DSM relies on a combination of using high efficiency equipment and efficient use of electricity through good operating practice. DSM is usually a task for utilities. DSM is originally adopted in energy but today DSM is applied widely to other utility including water and gas as well. With the penetration of new energy uses in residential houses (air conditioning, computers, modems, . . . ), electricity consumption for the residential sector has significantly increased over the last years. Table 1and the pie chart Figure 1 show that residential sector consumes the most of the available energy in Zimbabwe and even competing with productive industry on a world scale. From these figures it can be deduced that if DSM strategies are implemented on residential houses there is potential to reduce power consumption and demand since they constitute largest consumers. Bonneville E. [1] added that in order to implement the most efficient and cost effective DSM actions, it is necessary to identify the largest energy consumers. Studies have shown high consumption of energy by cold appliances (refrigerator and freezers) or air conditioning during summer. The pie chart figure 2 below shows the breakdown of electricity consumed by type of appliances. 
.DSM in Zimbabwe
Zimbabwe imports up to 35% of its requirements from the Southern African Power Pool. The government has been considering a number of options to increase internal power generation. Such projects will require major capital investments thus the attractive option of energy efficiency and Demand Side Management. Studies done has shown that Zimbabwe has a potential to save over 20% of current energy consumption as energy is not being used in an efficient manner. This translates to 700MW of power; most of the energy is being lost through inefficient lighting systems, electricity water heaters and other poor energy management practices. [8] The Ministry of Energy and Power Development strongly believes the national demand can be reduced through the consented efforts of each and very citizen of Zimbabwe. A National Energy Efficiency and DSM Steering Committee comprising various stakeholders is in place and has the following sub committees: Awareness, Lighting, Water Heating, Energy management in industry and commerce and Finance.
The mandate of these committees is to provide strategies that will be used to meet the DSM objective of saving 20 % of the total national energy consumption. Bankable project proposals on specific energy-efficiency and demand reduction measures have been identified, with the assistance of the Finance Sub-Committee and are currently awaiting funding. This indicates that there is no functional DSM programme in Zimbabwe.
DSM in South A a fric
The situation in South Africa is unique in that the savings required for the load are more energy savings than load shifting and therefore high load factor DSM interventions are required. Another factor making South Africa unique is that the situation will not get better until beyond 2012. In fact, with the load growth expected, the reserve margin was likely to reduce further until a low at the end of 2011, after which it will start improving as new high load factor generation comes on line. Thus, if there are no savings on the demand side there will be an increasing risk of forced load reduction up to 2012 after which the situation, while still serious, will improve [9] 
DSM in Botswana
Botswana Power Corporation (BPC) solely relies on Eskom hence risks the loss of power supply since Eskom is also running out of excess capacity. In addition, the BPC scenario is similar to Eskom and the power availability is highly dependent on the Eskom success. It is therefore logical that the BPC should introduce similar measures to avoid the impending crisis. BPC should consider the introduction of DSM Programs. The process will need policy, framework and capacity building which should lead to training and awareness campaigns throughout the customer base and stakeholders. [10] Comparing these three countries in Southern Africa, DSM programmes are not yet in place.
Background
The year 2007 saw Zimbabwe experiencing an electricity shortage as predicted by Southern African power Pool (SAPP). The effects of this crisis were rippling throughout the Southern African Development Community (SADC) region. On the other end Zimbabwe Electricity Supply Authority (ZESA) was confronted with the prospect of growing demand and tight supply due to aging thermal power plants. This set the platform to seek alternate strategies such as working towards optimising demand side management.
As Zimbabwe needs energy to raise productivity and to improve the living standards, increase in energy demand would entail greater investment costs to the company and perhaps expanded environmental degradation from energy supply and utilisation activities. Historically the country's energy needs have been met by expanding the supply base with little attention to the efficiency of energy use. However this approach is raising serious financial, household and environmental problems. The magnitude of these problems underlines the need for devising strategies for improving the efficiency with which energy is currently produced and used.
Pertaining to the above mentioned problems, this research draws discussions on the technical and economical feasibilities of applying DSM as a strategy to alleviate power shortages. DSM has been thought of as a proven method of meeting economic goals in an environmentally sustainable way and is a fast and effective way to address power shortages. In view of the fact that energy, like capital and labour, is a key input to production processes, the objective of the strategy developed in this research is not to pursue energy efficiency as an end in itself, but as a means to an end where the end includes minimising the costs as a general focus.
In order to accomplish the solution to power shortage at household level the objectives of this research were to;
 To obtain load profiles without DSM and when DSM strategies have been applied.  To evaluate the comparative advantage of applying DSM.
Hence this led to carrying out an energy demand survey in the year 2010 on randomly selected households and collecting data concerning all end use electrical equipment pertaining type of equipment, energy consumption and the duration of operation per day.
Brief Literature
Demand side management provides a range of technical, organisational and behavioural solutions to cut or decrease electricity consumption and demand [1] . Bonneville E. [1] adds that there are lots of solutions to save electricity and reduce greenhouse gas emissions and proposals for cost-effective actions, which are classified from no-cost to investments with long payback time are available and can be explored.
It has been noted that resources and energy consumption has been gradually increasing which may mean more production of green house gases for countries depending on fossil fuels for energy generation. In France for instance, the electricity consumption has increased by 50% since 1990, Ademe [4] . Figure 3 below shows the trend for Zimbabwe. DSM has various beneficial effects, including mitigating electrical system emergencies, reducing the number of blackouts and increasing system reliability. Possible benefits can also include reducing dependency on expensive imports of fuel, reducing energy prices, and reducing harmful emissions to the environment. DSM can be applied to the consumption of energy in general-not just electricity but fuels of all types-it can also bring significant cost benefits to energy users (and corresponding reductions in emissions). There are a number of DSM actions [4] that include  No cost actions. These are related to the consumer behaviours and according to [5] these are energy reduction programmes-reducing demand through more efficient processes, buildings or equipment. These actions can be implemented for no investments  Short Payback time actions. These actions are simple technical solutions, with a straight forward implementation process, low investments and immediate energy savings. They involve load management programmeschanging the load pattern and encouraging less demand at peak times and peak rates;  Medium payback time measures. Some investment is required to implement this programme  Long payback time measures: Long payback actions are above all action at design stage, or major refurbishments re-placing a whole system. In the case of a new building, these actions should be taken into account at an early stage of the design process [1] .
Methodology
The study used a physical survey method of research. This involved visiting twenty randomly selected households and data concerning all end use electrical equipment was collected. The data collected included the type of equipment, energy consumption and the duration of use per day. The tenants of households were asked to provide the information on the time in which they used the equipment. The survey helped to address the following questions;  How much electricity was being used and at what time of the day? Can the use be reduced through changed operations?  How efficient was the equipment and was it worthwhile to improve the efficiency?  How much was the reduction? Can the reduction result in the adoption of DSM. Using the collected data a usage matrix was formulated. The usage matrix is a versatile tool for analysing load variations. By merely looking at the matrix at a glance, one can easily visualise the times with low or high demand. The usage matrix is 24 x N A matrix, meaning there were 24 rows and N A number of columns, where the rows represent the 24 hour period of the day and N A is the number of appliances. This matrix uses binary language 0 and 1. 0 indicates OFF-time when the equipment was not in use and 1 indicates ON-time when the equipment was in use. To be able to fill in the data for the usage matrix, one needs to have a load matrix as shown below. This is then translated to the usage matrix as shown. 
Load Matrix for a single household

Usage Matrix
Taking the total power column as an N A x 1 and multiplying it by the usage matrix, a 24 x N A matrix; and using laws of matrices, when multiplied in the correct order it will give the total power consumed, as a 24 x 1 matrix. Hence the data obtained and the times were used to draw graphs which indicated the energy consumption patterns for the households combined.
DSM Strategies
Use of Alternative Lighting
From the data collected, it was noted that lighting used in most households was the incandescent light bulb and the fluorescent lights. The incandescent lamp tends to consume 4 to 6 times more energy compared to the fluorescent type. The load strategy which was applied to the households was the energy efficiency strategy. The challenge with this strategy was to reduce the demand and hence reduce the energy cost. The end use tactic to accomplish this was to replace all incandescent light bulbs with compact fluorescent lights. Regardless of the fact that common fluorescent tubes radiate less heat, these were replaced with more efficient fluorescent tubes as a demand side strategy. Day lighting was also applied, that is switch off lights during the day. Occupancy sensors were also considered for lighting, heating and cooling systems. Sensors in combination with intelligent controls can result in sizable savings of demand and consumption. Light emitting diodes (LEDs) can be used throughout a building as an accent. LEDs basically use no energy. They have a life expectancy of 30 years. Lighting could be organized in LED clusters. If fluorescent lamps are used, the same result would require 10 times that wattage for the same amount of light.
Peak load reduction or conservation
This was applied to all geysers. The strategy was either to switch off geysers when not in use or to replace all electric geysers with solar hot water systems.
Efficient Building Envelope
The concept of efficient building envelope can result in the drop of perimeter heating and cooling. The building envelope includes walls, windows, roof and floor. Putting emphasis on selecting the right insulation, type of windows, shadings and other techniques can lead to substantial energy savings. Investments in improvements of building envelope should be evaluated on the basis of life cycle costs. There are number of considerations for evaluation of windows, skylights, doors, vestibules, overhead doors, foundations and floors, roof and ceiling, infiltration, exhilaration, and building pressure. While evaluating windows the consideration includes: Single/double glazing, frame type, operable window, day lighting, glazing orientation and cooling zones, glazing coatings, cracked or broken panes, alignment of operable windows While evaluating roofs and ceilings for adequate insulation , consideration includes: Type, thickness, and location of the existing insulation, age and condition of the roof, damaged or wet insulation, insulation voids, proper attic ventilation, space available for additional insulation, colour of roof membrane.
Evaporative cooler in combination with exhaust fans
Existing windows can be used to install exhaust fans in each bedroom and a cooler in the lounge. The exhaust fans can be made reversible so that when the outside air has lower temperature than inside temperature, the exhaust fan can supply fresh air to the building. When the inside temperature is lower than the outside temperature, the exhaust fan can be used to remove hot air from the building. The cooler can send fresh cool air to each exhaust fan. The combination of cooler and exhaust fan can result in achieving the average of outdoor and indoor temperature. Due to evaporative cooling, very comfortable conditions are achieved.
Other Technologies
For refrigerators and washing machines, the strategy would be to use energy star appliances and replace old model appliances with modern ones. This would greatly reduce the power consumption. After applying the DSM strategies, the load matrix and usage matrix was tabulated and graph drawn to check on the consumption pattern. Figure 4 shows a comparison of the load profiles for the households combined, with and without DSM.
Discussion
Figure 4: 24 Hour Energy Consumption
The graphs show that hourly usage of the loads is high during the hours 4a.m to 9a.m and from 11a.m to 2pm and lastly from 17:00 to 21:00 hours. The loads contributing to these peaks are the cooling loads, the stoves and the geysers. When DSM was applied, there was a reduction in load demand. The shape of the load profile was maintained. The main contributing factor to this shape of demand is because of the DSM strategies applied, which are energy efficiency and load conservation. There was no load shifting or load building strategies applied during times of peak demand which would otherwise alter the shape of the load profile and possibly raise the average during times of low demand.
The reduction in energy demand as shown by the graph may have been contributed by the fact that DSM remains underutilised in Zimbabwe because there are powerful barriers to customer and utility investment in energy efficiency. In addition to well known barriers such as capital, lack of information about DSM potential and benefits, and prices that do not reflect the full direct and indirect costs of power, Zimbabwe has its unique barriers among them the following;  Zimbabwe lacks the legal basis to adopt effective DSM policies  Zimbabwe lacks an adequate and stable DSM funding mechanism. International experience shows that public and/or utility funding for DSM is critical to DSM success.  Shortage of talented DSM professionals.
Talented people play a pivotal role in DSM. NB: The assumption is that appliances are switched on for an average of one hour period. However appliances may be switched on slightly lower than one hour which is not a problem because energy is being saved. The annualised potential energy savings are an estimate because an appliance may be switched off before the end of the one hour.
Annualised Potential Energy Savings
Recommendations
Worldwide, nations are beginning to face up to the challenge of sustainable energy production/ supplies. In other words altering the way that energy is utilised so that social, environmental and economic aims of sustainable development are supported. The following recommendations arise from the study;
 Applying DSM reduces annualised costs albeit the same system. Hence DSM is recommended for all households to reduce energy demand and save energy.  There is need for extensive publicity to enlist the support of all households on the benefits of DSM. This can be done through media publicity and exhibitions of energy efficient devices to showcase their applicability and potential energy savings. The development of an information strategy for energy efficiency is therefore an immediate short teem priority.
Conclusion
When DSM was applied, the energy demand profile reduced, albeit the same utility. Economic benefits of DSM were seen by calculating the annualised energy costs. The study revealed that energy saving of $292.29, which translates to 31% would be realised by applying DSM strategies. Hence the impact of energy efficiency is to free scarce resources which would be applied elsewhere thus DSM should not be viewed separately from other energy supply options.
